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Description 

THIS INVENTION relates to a multi-phase bioerod- 
ible or biodegradable impiant/carrier (carrier) and a 
method for manufacturing the carrier. The carrier may 
be used in a physiological system to receive, induce and 
support subdermal tissue. 

Devices used for treating and repairing damaged or 
defective tissue are well-known in the art. Whenever 
damage to tissue occurs, the tissue must be supported 
in a fairly stable condition as it is being regrown. Some 
structural types of tissue such as bone can be regrown 
naturally provided the trauma area is not significantly 
disrupted during the healing process. Outer supports 
such as a cast or sling can be used to secure the trauma 
area. Inner supports such as rods or pins may also be 
used in severe cases. 

If the damaged tissue region has low cellular den- 
sity or lacks vasculature, as in articular cartilage, the 
healing process can sometimes last several months, 
years or may not occur whatsoever. If inner support pins 
are used, they require surgical implantation and, after 
several months or years, the pins often need to be sur- 
gically removed. Surgically implanting and removing 
support pins presents undue shock or trauma to the 
patient’s system. Moreover, once the internal supports 
are removed, a hole or void is left in the region which 
must then be naturally filled with growing tissue to fully 
complete the healing process. In the interim, the hole or 
void may leave the tissue prone to subsequent damage 
or breakage. 

EP-A-0277678 discloses a graft for use in recon- 
structive surgery to repair damaged tissue. The graft 
comprises a porous matrix of an organic polymeric 
material with a bi-porous structure. The graft is of sub- 
stantially uniform properties throughout its extent, but 
the graft is provided with two different types of pores. 

Thus, in one preferred example, the structure com- 
prises pores having a pore size of 15-250 microns dis- 
persed in a porous matrix which has pores of the size of 
10-60 microns. Thus the relatively larger pores are dis- 
persed substantially uniformly within a uniform, matrix 
which has smaller pores. 

The graft of this prior proposal is said to be pro- 
duced in a specific form, for example a meniscus form 
or a blood vessel form, and is thus intended for use at a 
position adjacent to one type of body tissue. 

WO-A-8700059 relates to a surgical resorbable 
device for the internal fixation of bone fractures, osteot- 
omies and arthrodesis. The described device com- 
prises a component which has a layered composite 
structure, the device having a tough, flexible, at least 
partially resorbable polymeric surface layer and a par- 
tially resorbable inner layer which is substantially stiffer 
and harder than the surface layer. The inner layer may 
also be made of a polymeric material. In use, the body 
tissue only contacts the outer layer and does not contact 
(at least until the outer layer has been biodegraded or 
resorbed) the inner layer. 



This prior proposed device, therefore, is not specif- 
ically intended for use in a physiological system at an 
inter-face region between, and in contact with, a first 
type of tissue and a second type of tissue. Instead, the 
5 device is intended for use in contact with a single type of 
tissue, essentially providing support to a damaged bone 
whilst the bone heals. 

According to the present invention there is provided 
an implantable tissue support system comprising a two- 
io phase structure, the two-phase structure comprising 
first and second adjacent phases, the first phase com- 
prising a first bioerodible polymeric material, and the 
second phase comprising a second bioerodible poly- 
meric material the first and second polymeric materials 
is having dissimilar stiffness properties, wherein the first 
phase comprises a first layer, the second phase com- 
prises a second layer and the second layer is located on 
top of the first layer, the first material and the second 
material are adapted to be implanted during use into a 
20 physiological system at an interface region between and 
in contact respectively with a first type of tissue and a 
second type of tissue and the first and second types of 
tissue having dissimilar stiffness properties, and the first 
and second polymeric materials having stiffness proper- 
25 ties which are substantially comparable to the stiffness 
properties of the first and second types of tissue respec- 
tively. 

The first phase may have stiffness properties sub- 
stantially comparable to the stiffness properties of bone, 
30 and the second phase may have stiffness properties 
substantially comparable to the stiffness properties of 
cartilage. 

Preferably access sites for receiving growth of tis- 
sue are present within at least one of the materials and 
35 may comprise passages extending into the material or 
pores in the material. The pores may have a size of 50- 
200 micrometers. 

The first and second polymeric materials may have 
compressibility properties and porosity properties sub- 
40 stantially comparable to the compressibility and porosity 
properties of the first and second types of tissue. 

The system may be substantially cylinder-shaped. 

Each of the polymeric materials may comprise a 
degradation agent, adapted to enhance degradation of 
45 the polymeric material during use. Each of the poly- 
meric materials may comprise a growth factor or thera- 
peutic agent to induce, promote or support tissue in 
growth and repair. 

The invention also relates to a method for manufac- 
50 turing a bioerodible tissue implant device comprising 
the initial step of preparing a polymer into a liquid form 
having a selected viscosity wherein the method com- 
prises the further steps of extracting substantial 
amounts of liquid from the liquid form under a selected 
55 vacuum pressure for a selected period of time to pro- 
duce a modified polymer having pores formed by the 
extracted liquid, placing the modified polymer into a 
mould and applying a selected compression for a 
selected period of time to the polymer and selecting the 
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viscosity, vacuum pressure, compression and time perh 
ods to achieve stiffness properties in the moulded poly- 
mer substantially comparable to stiffness properties of a 
selected tissue type. 

The method may further comprise the steps of pre- 
paring a second polymer into a second liquid form hav- 
ing a second selected viscosity, extracting substantial 
amounts of liquid from the second liquid form under a 
second selected vacuum pressure for a second 
selected period of time to produce a second modified 
polymer having pores formed by the extracted liquid, 
placing the second modified polymer into the mould 
atop the first compressed modified polymer and apply- 
ing a second selected compression for a second 
selected period of time to the second polymer, selecting 
the second viscosity, vacuum pressure, compression 
and time periods to achieve stiffness properties of the 
second moulded polymer different from the correspond- 
ing stiffness properties of the first moulded polymer and 
substantially comparable to stiffness properties of a 
second, different tissue type. 

The method may comprise the step of selecting the 
viscosity, vacuum pressure, compression and time peri- 
ods to achieve compressibility properties in the first and 
second moulded polymers which are substantially com- 
parable to compressibility properties of the first and sec- 
ond tissue types respectively. 

The method may comprise the step of selecting the 
viscosity, vacuum pressure, compression and time peri- 
ods to achieve porosity properties in the first and sec- 
ond moulded polymers which are substantially 
comparable to porosity properties of the first and sec- 
ond tissue types, respectively. 

The second moulded polymer may have stiffness 
properties substantially similar to cartilage, whereas the 
first moulded polymer may have stiffness properties 
substantially similar to bone. 

The preferred carrier hereof provides convenient 
access for tissue ingrowth into and within the carrier’s 
body. These sites allow tissue to invade the carrier’s 
outer surface through growth channels (pores). These 
pores exist for promoting and receiving regenerated or 
resurfaced tissue. The carrier of the present invention is 
specifically adapted to be implanted into a physiological 
system at a location adjoining two dissimilar types of tis- 
sue, e.g. cartilage and bone. The carrier of the present 
invention may also be implanted in the types of support 
or vascular tissues, e.g. at ligament and tendon inser- 
tion sites, in growth plate, at the periosteum-bone inter- 
face, and in hyaline cartilage and adjacent tissues, etc. 

The tissue carrier of the present invention includes 
bioerodible polymeric material which substantially or 
completely dissolves over a period of time when 
exposed to aqueous fluids. During the time in which the 
carrier dissolves, growing tissue enters the access loca- 
tions thereby providing a "scaffold" into which rapid tis- 
sue regeneration can occur in the damaged or 
deceased area. The carrier is particularly appropriate 
for promoting healing in tissue areas which do not heal 



easily. The dissolvable carrier provides interim support 
to the tissue area while tissue is being regenerated. 
Accordingly, the preferred carrier of the present inven- 
tion presents a bioerodible scaffold-type network for 
5 promoting, supporting and receiving the regeneration of 
diseased or damaged tissue. Thus the patient is not 
subjected to undue trauma or risk associated with con- 
ventional internal rods or pins, or other non-degradable 
materials. In addition, wounds which would otherwise 
io not heal with normal tissue are able to do so. 

Broadly speaking, one embodiment of the present 
invention involves a carrier comprising at least two 
bioerodible polymeric materials having dissimilar 
mechanical properties arranged proximate to each 
is other. The two bioerodible polymeric materials are 
capable of being placed into a physiological system 
adjoining two dissimilar types of tissue. Each polymeric 
material may also include an enzyme or other agents 
which may enhance material degradation. The carrier 
may also contain one or more growth factors, or other 
agents, which promote differentiation and growth of nor- 
mal tissue. Enzymes, growth factors or other agents in 
one material can be mixed in different proportion to 
these additives in the other material to produce differing 
amounts of bioerosion or tissue repair depending upon 
the application desired. Each polymeric material prefer- 
ably has a porous structure comprising pores into which 
tissue can enter and possibly adhere temporarily. 

In another preferred embodiment, the carrier is 
capable of being subdermally implanted as a tissue 
support system. Preferably, the carrier can be implanted 
at an interface region between two dissimilar types of 
tissue. At least a portion of the carrier includes a first 
material having access sites for receiving growth of a 
first type of tissue. In addition, the carrier includes a sec- 
ond material having access sites for receiving growth of 
a second type of tissue. Once the carrier is implanted, 
the first material resides substantially within the first 
type of tissue and the second material resides substan- 
tially within the second type of tissue. The access sites 
within the first material may comprise pores extending 
into and within the first material and access sites within 
the second material may comprise pores extending into 
and within the second material. 

The carrier is intended to be implanted within a 
physiological system at an interface region between two 
types of tissue, such as articular cartilage and bone. In 
such a case, a hole may be bored through skin, under- 
lying cartilage and into a bone thereby providing a pas- 
sage into which the carrier can be implanted. Once 
placed, the first material of the carrier resides substan- 
tially within the bone and the second material resides 
substantially within the cartilage. The skin can be 
sutured over the carrier to prevent infection from enter- 
ing the tissue area. 

The present invention additionally contemplates a 
method for manufacturing a bioerodible carrier compris- 
ing solubilising a polymer into a viscous form and then 
extracting substantial amounts of solvents from the vis- 
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cous polymer to form pores within the resulting modified 
polymer. Internal pores within the modified polymer pro- 
vide access locations along the outer surface of the car- 
rier. A plurality of larger passages can also be 
mechanically placed within the modified polymer to 5 
increase the number of access locations. A second 
modified polymer can be added to a first modified poly- 
mer by bonding together the first and second polymers 
within a mould subjected to pressure-curing. Additional 
modified polymers can also be added. 10 

This invention relates to a bioerodible tissue implant 
device produced by a method of the invention. 

Conveniently the implant device has access sites 
for receiving growth of tissue therein comprising pas- 
sages extending into the material. 15 

Conveniently the implant device may have a growth 
factor or therapeutic agent to induce, promote or sup- 
port tissue ingrowth and repair incorporated into said 
polymeric material. 

Other features and advantages of the invention will 20 
become apparent upon reading the following detailed 
description and upon reference to the accompanying 
drawings in which: 

Fig. 1 is a perspective view of a two-phase carrier 25 
according to the present invention; 

Fig. 1 A is a cross-sectional view along plane A- A of 
Fig. 1 ; 

30 

Fig. 1 B is a cross-sectional view along plane B-B of 
Fig. 1 ; 

Fig. 2 is a cross-sectional view of an example of a 
physiological system prepared for implantation of a 35 
tissue carrier according to the present invention; 

Fig. 3 is a cross-sectional view of an example of a 
physiological system implanted with a tissue carrier 
according to the present invention; and 40 

Fig. 4 is a flow diagram of steps taken to produce a 
two-phase carrier according to the present inven- 
tion. 

45 

While the invention is susceptible to various modifi- 
cations and alternative forms, a specific embodiment 
thereof has been shown by way of example in the draw- 
ings and will herein be described in detail. It should be 
understood, however, that the drawings are not so 
intended to limit the invention to the particular form dis- 
closed, but on the contrary, the intention is to cover all 
modifications, equivalents and alternatives falling within 
the scope of the invention as defined by the pending 
claims. 55 

Turning now to the drawings, a carrier 10 is illus- 
trated in Fig. 1 comprising a first bioerodible polymeric 
material 14 and a second bioerodible polymeric mate- 
rial 12. First material 14 and second material 12 are 



preferably made from a copolymer-based material of 
polyglycolic add (PLG) and polylactic acid (PLA) in a 
50/50 concentration of each. Also present in the 
P LA/P LG copolymer material may be an enzyme homo- 
geneously dispersed within the copolymer which may 
enhance the degradation of the polymeric substance. 
Degradable polymeric substances useable in the 
present invention are frequently found in the general 
categories commonly known as polyesters, polyamides, 
polypeptides, or polysaccharides. Certain typical 
enzyme-degradable polymeric substances have long 
been used as biodegradable materials for sutures, for 
example. These typical degradable materials include 
alkylhydroxylic acids including, for example, the polyes- 
ters of monomeric units such as lactic acid, glycolic 
add, hydroxypropionic acid, hydroxybutyric add and 
combinations thereof. Lactic acid and glycolic add are 
most commonly used for this purpose and preferably 
used in the present invention. Polymer of lactic acid 
(PLA) and glycolic acid (PGA) are well known in the art 
as described in U.S. Patent No. 3,991,766 

Enzymes useable in the practice of the present 
invention are of a wide variety but most frequently are 
proteases or hydrolases with ester-hydrolyzing capabil- 
ities. Such enzymes include proteinase K, bromelaine, 
pronase E, cellulase, dextranase, elastase, plasmin 
streptokinase, trypsin, chymotrypsin, papain, chymopa- 
pain, collagenase, subtilisn, chlostridopeptidase A, fidn, 
carboxypeptidase A, pectinase, pectinesterase, an oxi- 
doreductase or an oxidase. 

The ability of naturally occurring enzymes to 
degrade polymeric substances or materials are known 
in the art. See, e.g., Williams , D.F., "Some Observa- 
tions on the Role of Cellular Enzymes in the In-Vivo 
Degradation of Polymers," Corrosion and Degradation 
of Implant Materials. ASTM STB 684, American Society 
for Testing and Materials, 1979, pp. 61-75. 

A ratio of 50% PLA and 50% PLG suitable for mate- 
rials 12 and 14 of the present invention can also be 
implanted with growth factors (e.g., transforming growth 
factor-beta) or other forms of therapeutic agents such 
as steroids or hormones for actively increasing the 
growth rate of the tissue area into which carrier 10 is 
capable of being placed. Dispersing therapeutic agents 
within a polymeric material is known in the art and gen- 
erally described by Langer, R., "Controlled Release: A 
New Approach to Drug Delivery," Technology Review , 
April 1981, pp. 26-34. Generally speaking, the thera- 
peutic agent is homogeneously dispersed and 
entrapped in the polymeric material such that release of 
the agent is dependent upon the rate at which fluid dif- 
fuses through the polymer material. An example of ther- 
apeutic agents erodibly released at a controlled rate to 
surrounding tissue is described in U.S. Patent No. 
4,346,709. 

Referring to Fig. 1, first material 14 is bonded to 
second material 12, wherein material 14 includes a 
body having dissimilar mechanical properties from 
material 12. Materials 14 and 12 may both include 
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enzymes and therapeutic agents in addition to numer- 
ous pores 16 and 18 formed within first material 14 and 
second material 12, respectively. Pore size varies 
depending upon the process by which materials 12 and 
14 are processed. Preferably, porosity within each 
material 12 or material 14 is more than 50% of the 
respective material volumetric area. Moreover, pore 
size can range between 50 and 200 jim. However, it is 
to be appreciated that pore density as well as pore size 
can vary outside these ranges depending upon the par- 
ticular manufacturing process chosen, as described 
herein below. Preferably, material 12 is manufactured 
having a porosity which generally matches the porosity 
of the sunrounding tissue into which carrier 10 is placed. 
Similarly, material 14 can be manufactured to a porosity 
substantially equal to its surrounding tissue. Thus, 
depending upon the specific application desired, the 
method of manufacturing carrier 10 can be quickly and 
easily altered to contain pores of varying size and den- 
sity. 

Carrier 10 can also be perforated with a plurality of 
passages 20 extending partially or completely through 
carrier 10. Passages 20 are suitably placed to provide 
additional sites or locations into or onto which surround- 
ing tissue can enter and/or temporarily bond. Passages 
20 are generally larger in diameter than pores 16 or 18 
and can be mechanically placed as described below. 

Referring to Fig. 1 A, a cross-sectional view of mate- 
rial 12 is shown having numerous access sites or loca- 
tions formed by pores 16 and passages 20. As shown 
by the comparisons of Figs. 1A and IB, material 14 is 
less porous than material 12 to substantially match a 
less porous tissue surrounding material 14 than the tis- 
sue surrounding material 12. Moreover, material 12 and 
14 can be manufactured having mechanical properties 
such as stiffness and compressibility, in addition to 
porosity, to substantially match the mechanical proper- 
ties of surrounding tissue into which material 12 and 14 
is placed. 

Tissue carrier 10, having materials 12 and 14 of 
possibly different mechanical properties, is particularly 
adapted for placement into a juncture region adjoining 
tissue areas having dissimilar mechanical properties. 
Materials within carrier 1 0 correspondingly can be proc- 
essed to have mechanical properties such as porosity, 
stiffness, etc. to substantially match the properties of 
the tissue juncture region after implantation. As illus- 
trated in Fig. 2, a physiological environment into which 
carrier 10 can be placed, includes, but is not limited to, 
a human or animal articular cartilage and underlying 
bone. Carrier 10 is shown insertable into a bore 22 
through skin 24, through underlying cartilage 26 and 
into bone 28. Alternatively, carrier 10 can be placed 
entirely within bone 28 to provide structural support to 
the juncture region between cortical bone and cancel- 
lous bone. Accordingly, bore 22 and implantable carrier 
10 can be placed into any physiological system having 
a juncture between dissimilar types of tissue. As used 
herein, "tissue" includes cellular material found subder- 



mally anywhere within an animal or human anatomy. 
Any region joining two dissimilar types of tissue (i.e., 
bone, cartilage, tendon, skin, ligament, cementum, etc.) 
can be implanted with the bonded dissimilar materials 
5 12 and 14 of carrier 10. By bonding each material 

together and implanting the combination within a tissue 
juncture, carrier 1 0 ensures the tissue juncture remains 
together during the repair process, which may help to 
promote rapid healing. 

io Fig. 3 illustrates carrier 10 fully implanted within dis- 
similar tissue regions, e.g., cartilage 26 and bone 28. 
After inserting carrier 10 through hole 22, outer skin 24 
is sutured over the bore passage to prevent infection 
from entering the underlying region. As can be appred- 
15 ated from the present invention, carrier 10 is produced 
in any desired shape with differing mechanical charac- 
teristics depending upon the size and composition of 
the target area. In this example, carrier 10 is cylindrical 
in shape having an outer diameter generally matching 
20 the inner diameter of a bore or hole 22 created in the 
region of interest. However, other shapes can be pro- 
duced and inserted into the hole. Regardless of the 
shape used, the carrier can expand to match the inter- 
nal cavity or bore size prior to or during the bioerodible 
25 process. Still further, the proportionate sizes of material 
12 and 14 can be varied depending upon the relative 
location of carrier 1 0 in relation to the interlace region. 
For example, cartilage 26 may be thicker than that indi- 
cated in Fig. 3 such that its thickness would be equal to 
30 or greater than the bore 22 depth into bone 28. Conse- 
quently, material 14 can be made larger or thicker than 
material 12 to correspond with the relative shift in 
boundary between cartilage 26 and bone 28. 

Bone 28 generally presents a less porous and 
35 stiffer material than overlying cartilage 26. Therefore, as 
shown in Fig. 3, pores 1 8 can be made relatively smaller 
than pores 16. Accorded access sites or locations into 
pores 18 and 16 are dissimilar to generally match sur- 
rounding bone 28 and tissue 26, respectively. During 
40 the time in which bone 28 and cartilage 26 tissue regen- 
erate and grow into the damaged region partially 
replaced with carrier 10 and pores 18 and 16, respec- 
tively, carrier 10 maintains a somewhat rigid support 
structure. As the structure of carrier 10 gradually erodes 
45 or dissolves, regeneration of tissue takes place which 
replaces the structural support lost during erosion. 
Accordingly, the present invention serves to provide bet- 
ter anchorage of regenerated tissue in the damaged or 
defective region and also provides a temporary support 
so structure which need not be subsequently removed as 
in conventional rods and pins. The bioerodible carrier 10 
is particularly useful in juncture regions where slow 
healing occurs due to lack of vasculature or cell popula- 
tion. 

55 As illustrated in Fig. 4, the method by which carrier 
10 is produced is fairly simple and does not require 
expensive equipment. In particular, a PLA/PLG mixture 
of polymer-based starting material 30 is preferably used 
in solid form as the starting material. The starting poly- 



5 




9 



EP 0 625 891 B1 



10 



mer-based solid form material may be purchased 
through, for example, Birmingham Polymers, Inc., Bir- 
mingham, Alabama. The starting material can be 
placed in a mixing bowl and solubilized or dissolved 32 
in a liquid such as acetone to produce a liquid form of 
PLA/PLG polymer. The liquid form can then be precipi- 
tated 34 with a suitable solvent such as ethanol to 
remove part of the liquid phase leaving a fairly viscous 
mixture of material. This material can be set aside and 
designated as first material and then the solubilized and 
precipitated steps 32 and 34 repeated for a second 
material. The first material may, for example, be used to 
produce material 14 and the second material used to 
produce material 12 as shown in Figs. 1-3. 

Depending upon the amount of porosity, stiffness or 
compressibility of the finished product, more or less 
acetone and/or ethanol can be utilized. For example, if 
more acetone is used, the finished product may have a 
higher porosity, less compressive stiffness and less 
resulting viscosity. If material 1 2 is to be placed adjacent 
to cartilage 26, then a suitable viscosity of the product 
used to form material 12 may be approximately 0.43 
dl/gm (average molecular weight 12-15 kD). Conversely, 
if material 14 is to be placed adjacent bone, then the tar- 
get viscosity of product used to form material 1 4 may be 
approximately 0.53 dl/gm (average molecular weight 
60-70 kD). Depending upon the mechanical character- 
istics of tissue surrounding the implanted carrier 10, 
more or less dissolving and/or precipitating agent can 
be added to the starting material so that the resulting 
product has substantially similar mechanical character- 
istics to the surrounding tissue. 

The resulting product receives its mechanical prop- 
erties and desired porosity by placing the product in a 
suitable vacuum of approximately 2.666 N/m 2 (20m 
Torr) for 30 minutes to help dry the material to its 
desired state. More or less vacuum pressure for longer 
or shorter periods of time can be used to increase or 
decrease the porosity of the material. A pressurized 
chamber with regulated temperature is suitable to effec- 
tively drive out most of the dissolving and precipitating 
agents to render the product mechanically compatible 
with the target tissue area into which it is capable of 
being placed. 

Once the product has been pressurized and pores 
imparted within the bulk material, the material is placed 
into a mold. Preferably, the mold is made of a Teflon® 
material having one or more wells adapted to receive 
the material in its modified form. Each well of the mold 
is shaped depending upon the particular geometric con- 
figuration required of carrier 10. Either first material 14 
or second material 12 is initially placed into the mold 
and a plug also inserted into the mold. The plug can be 
actuated against the material thereby compressing 36 
the material between the plug and surrounding walls of 
the mold. 

The plug can contain a plurality of elongated tines 
which penetrate at least partially into the material form- 
ing passages 20 which extend along the longitudinal 



axis of, e.g., a cylindrical carrier configuration. Duration 
of the compression by a plug can vary depending upon 
the resulting mechanical properties desired. More com- 
pression, for example, will create a less porous, less 
5 compressible material suitable for placement in heavier, 
denser tissue such as cortical bone, whereas less com- 
pression will produce a more porous, more compressi- 
ble material suitable for placement in lighter tissue such 
as cartilage or ligaments. If bone is the target area into 
io which first material 1 4 is placed, then pressure cure via 
the plug can last for approximately 48 hours in room 
temperature. However, the amount of cure can change 
drastically depending upon the mechanical properties 
desired. 

Another batch of material or, e.g., second material 
1 2 can be added 38 to the mold on top of and adjacent 
to, e.g., the first material 14. The first and second mate- 
rial 14 and 12 are then pressure-cured 40 via the plug 
having longitudinal tines placed therein. Pressure-cure 
can vary drastically, however, a preferred duration is 
approximately 48 hours, similar to the cure period of 
previous material. After the combination of first and sec- 
ond material 1 4 and 1 2 is fully cured within the mold, the 
resulting carrier 10 is removed or extracted 42 from the 
mold and perforations placed into the carrier substan- 
tially perpendicular to the passages created by the 
tines. A preferred method of placing the perforations or 
lateral passages 20 into carrier 10 would include rolling 
carrier 10 on a special surface which creates passages 
of approximately 1 .5 mm in diameter. 

The resulting carrier 10 includes first and second 
material 1 4 and 1 2 molded or bonded together in a fairly 
rigid, yet porous multi -phase structure which is then 
finally lyophilized for 48 hours at 2.666 N/m 2 (20 m Torr) 
and 40° C to remove remnants of the solvents. The first 
material 1 4 will be macro- and micro-porous but may be 
stiffer than material 12 due to it possibly having higher 
molecular weight longer curing, and less compressibil- 
ity. First material 14 preferably interfaces with a more 
dense tissue such as subchondral bone to provide fixa- 
tion of growing bone tissue, whereas second material 
1 2 interfaces with less dense tissue such as cartilage. 

As shown in Figs. 2 and 3, carrier 10 is insertable 
as a press-fit in the osteochondral defect region. The 
swelling characteristics of the bioerodible material 14 
and 12 is expected to improve retention of carrier 10 
within the defect region. Comparable mechanical prop- 
erties of materials 14 and 12 to that of surrounding tis- 
sue avoids stress concentrations during joint 
articulation. By matching mechanical characteristics 
such as porosity, exchange of nutrients from the tissue 
into carrier 10 is provided as though normal growth pat- 
terns occur. Confocal laser scanning micrographs of 
carrier 10 may illustrate carrier 10 having pores 16 and 
1 8 of varying sizes, but which are generally microporous 
and may be interconnected throughout the cross-sec- 
tional area of the material. 

The foregoing description of the present invention 
has been directed to particular embodiments. It will be 
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apparent however, to those skilled in the art, that mod- 
ifications and changes in both the carrier and the 
method of making and using the carrier can be made 
without departing from the scope of the invention. For 
example, curing times and pressures can vary as well 
as the relative concentrations of the dissolving and pre- 
cipitating agents. Further, carrier 10 can be made of 
varying sizes and shapes depending upon the appropri- 
ate environment into which it is placed. Still further, var- 
ying amounts of enzymes or other agents can be 
incorporated into the polymeric material to vary the 
erodibility of the material depending upon the amount of 
healing time required. Finally, varying amounts of 
growth factors, hormones, or other agents, can be incor- 
porated into the polymeric material to vary the ability of 
the implant to induce, promote, and support tissue in 
growth and repair. Therefore, it is the intention in the fol- 
lowing claims to cover all such equivalent modifications 
and variations which fall within the true scope of this 
invention. 

Claims 

1 . An implantable tissue support system(1 0) compris- 
ing a two-phase structure, the two-phase structure 
comprising first and second adjacent phases, the 
first phase (14) comprising a first bioerodible poly- 
meric material, and the second phase(12) compris- 
ing a second bioerodible polymeric material, the 
first and second polymeric materials having dissim- 
ilar stiffness properties, characterised in that the 
first phase (14) comprises a first layer, the second 
phase(12) comprises a second layer, and the sec- 
ond layer is located on top of the first layer, the first 
material and the second material being adapted to 
be implanted during use into a physiological system 
at an interface region between and in contact 
respectively with a first type of tissue and a second 
type of tissue(26,28) and the first and second types 
of tissue having dissimilar stiffness properties, and 
the first and second polymeric materials having 
stiffness properties which are substantially compa- 
rable to the stiffness properties of the first and sec- 
ond types of tissue respectively. 

2. The system as recited in Claim 1 wherein the first 
phase(14) has stiffness properties substantially 
comparable to the stiffness properties of bone(28). 

3. The system as recited in any one of the above 
Claims wherein the second phase(12) has stiffness 
properties substantially comparable to the stiffness 
properties of cartilage(26). 

4. The system as recited in any one of the above 
Claims wherein access sites for receiving growth of 
tissue are present within at least one of the materi- 
als and comprise passages(20) extending into the 
material. 



5. The system as recited in any one of the above 
Claims, wherein access sites for receiving growth of 
tissue are present within at least one of the materi- 
als and comprise pores(16,18) in the material. 

5 

6. The system as recited in Claim 6 wherein the pore 
size is about 50-200 micrometers. 

7. The system as recited in any one of the above 

io Claims wherein the first and second polymeric 

materials(12,14) each have compressibility proper- 
ties substantially comparable to the compressibility 
properties of the first and second types of tissue, 
respectively. 

15 

8. The system(IO) as recited in any one of the above 
Claims wherein the two-phase structure(IO) is sub- 
stantially cylinder-shaped. 

20 9. The system as recited in any of the above Claims 
wherein the first and second polymeric materials 
each have porosity properties substantially compa- 
rable to the porosity properties of the first and sec- 
ond types of tissue(26,28) respectively. 

25 

1 0. The system of any one of the above Claims wherein 
each of said polymeric materials comprises a deg- 
radation agent which is adapted to enhance degra- 
dation of the polymeric material during use. 

30 

1 1 . The system of any one of the above Claims wherein 
each of the polymeric materials comprises a growth 
factor or therapeutic agent to induce, promote or 
support tissue ingrowth and repair. 

35 

12. A method for manufacturing a bioerodible tissue 
implant device comprising the initial step of prepar- 
ing a polymer into a liquid form having a selected 
viscosity and characterised in that the method com- 

<0 prises the further steps of extracting substantial 
amounts of liquid from the liquid form under a 
selected vacuum pressure for a selected period of 
time to produce a modified polymer having pores 
formed by the extracted liquid, placing the modified 

45 polymer into a mould and applying a selected com- 
pression for a selected period of time to the polymer 
and selecting the viscosity, vacuum pressure, com- 
pression and time periods to achieve stiffness prop- 
erties in the moulded polymer(14) substantially 

so comparable to stiffness properties of a selected tis- 
sue type. 

13. The method of Claim 12 further comprising prepar- 
ing a second polymer into a second liquid form hav- 

55 ing a second selected viscosity, extracting 
substantial amounts of liquid from the second liquid 
form under a second selected vacuum pressure for 
a second selected period of time to produce a sec- 
ond modified polymer having pores formed by the 
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extracted liquid, placing the second modified poly* 
mer into the mould atop the first compressed modi- 
fied polymer of Claim 12 and applying a second 
selected compression for a second selected period 
of time to the second polymer, selecting the second 5 
viscosity, vacuum pressure, compression and time 
periods to achieve stiffness properties of the sec- 
ond moulded polymer(12) different from the corre- 
sponding stiffness properties of the first moulded 
polymer(14) of Claim 12 and substantially compa- 
rable to stiffness properties of a second, different 
tissue type. 

14 . The method of Claim 12, further comprising the 

step of selecting the viscosity, vacuum pressure, is 
compression and time periods to achieve com- 
pressibility properties in the first and second 
moulded polymers(14,12) which are substantially 
comparable to compressibility properties of the first . 
and second tissue types(28,26) respectively. 20 

15. The method of any one of Claims 12-14, further 
comprising the step of selecting the viscosity, vac- 
uum pressure, compression and time periods to 
achieve porosity properties in the first and second 2 s 
moulded polymers(14 l 12) which are substantially 
comparable to porosity properties of the first and 
second tissue types(28,26) respectively. 

16. The method of any one of Claims 12-15 wherein the 30 
second moulded polymer(12) has stiffness proper- 
ties substantially similar to cartilage(26). 

17. The method of any one of Claims 12-16 wherein the 
first moulded polymer(14) has stiffness properties 35 
substantially similar to bone(28). 

Patentanspruche 

1. Ein implantierbares Gewebestutzsystem (10), das 40 
eine zweiphasige Struktur umfaBt, wobei die zwei- 
phasige Struktur eine erste und eine zweite 
benachbarte Phase umfaBt, wobei die erste Phase 
(14) ein erstes biologisch abbaubares polymeres 
Material umfaBt und die zweite Phase (12) ein 45 
zweites biologisch abbaubares polymeres Material 
umfaBt, wobei das erste und das zweite polymere 
Material verschiedene Steifigkeitseigenschaften 
besitzen, dadurch gekennzeichnet, daB die erste 
Phase (14) eine erste Schicht umfaBt, die zweite so 
Phase (12) eine zweite Schicht umfaBt und die 
zweite Schicht oben auf der ersten Schicht ange- 
ordnet ist, wobei das erste Material und das zweite 
Material so ausgebildet sind, daB sie wahrend der 
Verwendung in ein physiologisches System hinein ss 
in einem Grenzbereich zwischen bzw. in Kontakt 
mit einem ersten Gewebetyp und einem zweiten 
Gewebetyp (26,28) implantiert werden und der 
erste und der zweite Gewebetyp verschiedene Stei- 



figkeitseigenschaften besitzen und das erste und 
zweite polymere Material Steifigkeitseigenschaften 
besitzen, die im wesentlichen vergleichbar sind mit 
den Steifigkeitseigenschaften des ersten bzw. des 
zweiten Gewebetyps. 

2. Das System nach Anspruch 1, wobei die erste 
Phase (14) Steifigkeitseigenschaften besitzt, die im 
wesentlichen vergleichbar sind mit den Steifigkeits- 
eigenschaften von Knochen (28). 

3. Das System nach einem der obigen Anspruche, 
wobei die zweite Phase (12) Steifigkeitseigenschaf- 
ten besitzt, die im wesentlichen vergleichbar sind 
mit den Steifigkeitseigenschaften von Knorpel (26). 

4 . Das System nach einem der obigen AnsprOche, 
wobei Zugangsstellen zur Aufnahme von Gewebe- 
wachstum in wenigstens einem der Materialien vor- 
handen sind und Durchiasse (20) umfassen, die 
sich in das Material hinein erstrecken. 

5. Das System nach einem der obigen Anspruche, 
wobei Zugangsstellen zur Aufnahme von Gewebe- 
wachstum in wenigstens einem der Materialien vor- 
handen sind und Poren (16,18) im Material 
umfassen. 

6. Das System nach Anspruch 6, wobei die Poren- 
grGBe etwa 50-200 Mikrometer betrSgt. 

7. Das System nach einem der obigen Anspruche, 
wobei das erste und das zweite polymere Material 
(12,14) jedes Kompressibilitatseigenschaften besrt- 
zen, die im wesentlichen vergleichbar sind mit den 
Kompressibilitatseigenschaften des ersten bzw. 
des zweiten Gewebetyps. 

8. Das System (10) nach einem der obigen Anspru- 
che, wobei die zweiphasige Struktur (10) im 
wesentlichen zylinderfermig ist. 

9. Das System nach einem der obigen Anspruche, 
wobei das erste und das zweite polymere Material 
jedes Porositatseigenschaften besitzen, die im 
wesentlichen vergleichbar sind mit den Porositats- 
eigenschaften des ersten bzw. des zweiten Gewe- 
betyps (26,28). 

10 . Das System nach einem der obigen AnsprOche, 
wobei jedes von besagten polymeren Materialien 
ein Abbaumittel umfaBt, das geeignet ist, den 
Abbau des polymeren Materials wahrend der Ver- 
wendung zu verstarken. 

11. Das System nach einem der obigen Anspruche, 
wobei jedes der polymeren Materialien einen 
Wachstumsfaktor Oder ein therapeutisches Mittel 
umfaBt, urn das Einwachsen des Gewebes und die 
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Reparatur zu induzieren, zu fOrdern Oder zu unter- 
stutzen. 

12. Ein Verfahren zur Herstellung einer biologisch 
abbaubaren Gewebeimplantateinheil, welches den s 
arffinglichen Schritt umfaBt, daB ein Polymer in 
eine flussige Form mit einer ausgewahlten Viskosi- 
tat gebracht wird, und dadurch gekennzeichnet ist, 
daB das Verfahren die weiteren Schritte umfaBt, 
daB betrSchtliche Mengen Flussigkeit aus der flus- io 
sigen Form unter einem vorgewahlten Vakuum- 
druck fur einen vorgewahlten Zeitraum entzogen 
werden, urn ein modifiziertes Polymer herzustellen, 
das Poren aufweist, die durch die entzogene Flus- 
sigkeit gebildet sind, daB das modifizierte Polymer is 
in eine Form gegeben wird und daB das Polymer fur 
einen ausgewahlten Zeitraum mit einem ausge- 
wahlten Pressdruck beaufschlagt wird und daB die 
Viskositat, der Vakuumdruck, der Pressdruck und 
die Zeitraume so ausgewahlt werden, daB Steifig- 20 
keitseigenschaften im ausgeformten Polymer (14) 
erreicht werden, die im wesentlichen vergleichbar 
sind mit Steifigkeitseigenschaften eines ausge- 
wShften Gewebetyps. 

25 

13. Das Verfahren nach Anspruch 12, das weiterhin 
umfaBt, daB ein zweites Polymer in eine zweite flus- 
sige Form mit einer zweiten ausgewahlten Viskosi- 
tat gebracht wird, daB betrachtliche Mengen 
Flussigkeit aus der zweiten flussigen Form unter 30 
einem zweiten ausgewahlten Vakuumdruck fflr 
einen zweiten ausgewahlten Zeitraum entzogen 
werden, urn ein zweites modifiziertes Polymer her- 
zustellen, das Poren aufweist, die durch die entzo- 
gene Flussigkeit gebildet sind, daB das zweite 35 
modifizierte Polymer in die Form hinein oben auf 
das erste verpreBte modifizierte Polymer von 
Anspruch 12 gegeben wird und daB das zweite 
Polymer fur einen zweiten ausgewahlten Zeitraum 
mit einem zweiten ausgewahlten Pressdruck 40 
beaufschlagt wird, daB die zweite Viskositat, der 
zweite Vakuumdruck, der zweite Pressdruck und 
die zweiten Zeitraume so ausgewahlt werden, daB 
Steifigkeitseigenschaften des zweiten ausgeform- 
ten Polymers (12) erreicht werden, die verschieden 45 
sind von den Steifigkeitseigenschaften des ersten 
ausgeformten Polymers (14) von Anspruch 12 und 

im wesentlichen vergleichbar mit den Steifigkeitsei- 
genschaften eines zweiten, verschiedenen Gewe- 
betyps. so 

14. Das Verfahren nach Anspruch 12, das weiterhin 
den Schritt umfaBt, daB die Viskositat, der Vakuum- 
druck, der Pressdruck und die Zeitraume so ausge- 
wahlt werden, daB Kompressibilitatseigenschaften 55 
in dem ersten und dem zweiten ausgeformten Poly- 
mer (14,12) erreicht werden, die im wesentlichen 
vergleichbar sind mit Kompressibilitatseigenschaf- 
ten des ersten bzw. des zweiten Gewebetyps 



(28,26). 

15. Das Verfahren nach einem der Anspruche 12-14, 
das weiterhin den Schritt umfaBt, daB die Viskosi- 
tat, der Vakuumdruck, der Pressdruck und die Zeit- 
raume so ausgewahlt werden, daB 
Porositatseigenschaften in dem ersten und dem 
zweiten ausgeformten Polymer (14,12) erreicht 
werden, die im wesentlichen vergleichbar sind mit 
Porositatseigenschaften des ersten bzw. des zwei- 
ten Gewebetyps (28,26). 

16. Das Verfahren nach einem der Anspruche 12-15, 
wobei das zweite ausgeformte Polymer (1 2) Steifig- 
keitseigenschaften besitzt, die im wesentlichen 
ahnlich zu Knorpel (26) sind. 

17. Das Verfahren nach einem der Anspruche 12-16, 
wobei das erste ausgeformte Polymer (14) Steifig- 
keitseigenschaften besitzt, die im wesentlichen 
ahnlich zu Knochen (28) sind. 

Revendications 

1. Dispositif de support tissulaire implantable (10) 
comprenant une structure a deux phases, la struc- 
ture a deux phases comprenant des premi6re et 
seconde phases adjacentes, la premiare phase 
(14) comprenant une premiare mature polymari- 
que bioarodable, et la seconde phase (12) compre- 
nant une seconde mature polymarique 
bioarodable, les premiare et seconde matures 
polymariques ayant des propriatas de rigidita dis- 
semblables, caractarisa en ce que la premiare 
phase (14) comprend une premiare couche, la 
seconde phase (12) comprend une seconde cou- 
che, et la seconde couche est situae au-dessus de 
la premiare couche, la premiare matiare et la 
seconde matiare atant aptes a atre implant aes au 
coursde ^utilisation dans un milieu physiologique k 
une ragion d'interface entre et en contact respecti- 
vement avec un premier type de tissu et un second 
type de tissu (26, 28) et les premier et second types 
de tissu ayant des propriatas de rigidita dissembla- 
bles, et les premiare et seconde matures polymari- 
ques ayant des propriatas de rigidita qui sont 
essentiellement comparables aux propriatas de 
rigidita, respectivement, des premier et second 
types de tissu. 

2. Dispositif suivant la revendication 1 , dans lequel la 
premiare phase (14) a des propriatas de rigidita 
essentiellement comparables aux propriatas de 
rigidita du tissu osseux (28). 

3. Dispositif suivant I’une quelconque des revendica- 
tions pracadentes, dans lequel la seconde phase 
(12) a des propriatas de rigidita essentiellement 
comparables aux propriatas de rigidita du cartilage 
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( 26 ). 

4. Dispositif suivant Tune quelconque des revendica- 
tions precedentes, dans leque! des sites d’acc^s 
pour permettre la croissance d’un tissu sont pr6- 5 
sents k I'interieur d’au moins une des matures et 
comprennent des passages (20) s'etendant dans 
cette mature. 

5. Dispositif suivant Tune quelconque des revendica- io 
tions precedentes, dans lequel les sites d’acc&s 
pour permettre la croissance d’un tissu sont pre- 
sents k I'interieur d’au moins une des matures et 
comprennent des pores (16, 18) de cette mattere. 

15 

6. Dispositif suivant la revendication 5, dans lequel les 
dimensions des pores sont comprises dans I’inter- 
valle d’environ 50 k 200 micrometres. 

7. Dispositif suivant I'une quelconque des revendica- 20 
tions pr6c6dentes, dans lequel les premiere et 
seconde matures polymeriques (12, 14) ont cha- 
cune des proprietes de compressibilite essentielle- 
ment comparables aux proprietes de 
compressibilite, respectivement, des premier et 25 
second types de tissu. 

8. Dispositif (10) suivant I’une quelconque des reven- 
dications precedentes, dans lequel la structure k 
deux phases (1 0) est pratiquement de forme cylin- 30 
drique. 

9. Dispositif suivant I'une quelconque des revendica- 
tions precedentes, dans lequel les premiere et 
seconde matures polymeriques ont chacune des 35 
proprietes de porosite essentiellement compara- 
bles aux proprietes de porosite, respectivement, 
des premier et second types de tissu (26, 28). 

10. Dispositif suivant I'une quelconque des revendica- 40 
tions precedentes, dans lequel chacune des matu- 
res polymeriques comprend un agent de 
degradation qui est apte k accroTtre la degradation 

de la matiere polymerique au cours de (’utilisation. 

45 

1 1 . Dispositif suivant I'une quelconque des revendica- 
tions precedentes, dans lequel chacune des matie- 
res polymeriques comprend un facteur de 
croissance ou agent therapeutique pour induire, 
activer ou maintenir la croissance et la reparation so 
d’un tissu. 

12. Procede pour la production d'un dispositif d'implan- 
tation tissulaire bioerodable, comprenant retape ini- 
tials consistant k preparer un polymere sous une 55 
forme liquide ayant une viscosite choisie, ledit pro- 
cede 6tant caracterise en cequll comprend les eta- 
pes suppiementaires consistant k extraire des 
quarrtites importantes de liquide de la forme liquide 



sous un vide correspondant k une pression choisie 
pendant un temps choisi pour produire un polymere 
modifie ayant des pores formes par le liquide 
extrait, a placer le polymere modifie dans un moule 
et k soumettre ce polymere k une compression 
choisie pendant un temps choisi, en choisissant la 
viscosite, la pression de mise sous vide, la com- 
pression et les temps pour obtenir les proprietes de 
rigidite du polymere mouie (14) essentiellement 
comparables aux proprietes de rigidite d’un type de 
tissu choisi. 

13. Procede suivant la revendication 12, comprenant 
en outre les etapes consistant k preparer un 
second polymere sous une seconde forme liquide 
ayant une seconde viscosite choisie, k extraire des 
quantites importantes de liquide de la seconde 
forme liquide sous un second vide correspondant k 
une pression choisie pendant un second temps 
choisi pour produire un second polymere modifie 
ayant des pores formes par le liquide extrait, k pla- 
cer le second polymere modifie dans le moule au- 
dessus du premier polymere modifie comprime sui- 
vant la revendication 12 et k soumettre le second 
polymere k une seconde compression choisie pen- 
dant un second temps choisi, en choisissant la 
seconde viscosite, la pression de mise sous vide, la 
compression et les temps pour obtenir des proprie- 
tes de rigidite du second polymere mouie (12) diff6- 
rentes des proprietes de rigidite correspondantes 
du premier polymere mouie (1 4) suivant la revendi- 
cation 12 et essentiellement comparables aux pro- 
prietes de rigidite d'un second type de tissu 
different. 

14. Proc6d6 suivant la revendication 12, comprenant 
en outre retape consistant k choisir la viscosite, la 
pression de mise sous vide, la compression et les 
temps pour obtenir des proprietes de compressibi- 
lite des premier et second polymeres moul6s (14, 
12) qui soient essentiellement comparables aux 
proprietes de compressibilite, respectivement, des 
premier et second types de tissu (28, 26). 

15. Proc6d6 suivant I’une quelconque des revendica- 
tions 12 k 14, comprenant en outre l'6tape consis- 
tant k choisir la viscosite, la pression de mise sous 
vide, la compression et les temps pour obtenir des 
proprietes de porosite des premier et second poly- 
meres mouies (14, 12) qui soient essentiellement 
comparables, respectivement, aux proprietes de 
porosite des premier et second types de tissu (28, 
26). 

16. Procede suivant I’une quelconque des revendica- 
tions 12 k 15, dans lequel le second polymere 
mouie (12) a des proprietes de rigidite pratique- 
ment similaires k celles du cartilage (26). 
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17. Proc6d6 suivant i'une quelconque des revendica- 
tions 12 k 16, dans lequel le premier polym&re 
mcul6 (14) a des proprigtgs de rigidity pratique- 
ment similaires k celles du tissu osseux (28). 
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